Materials and Methods

Volatile halocarbon emission and inorganic halide efflux experiments
Juvenile L. digitata sporophytes (maximum size 25 cm) were collected by diving off Mace Head (Co. Galway, Ireland) and kept in fresh seawater for a maximum of 18 hours. Incubation experiments were done in filtered seawater (Whatman GF/F pore size 0.7 µm) in 2 litre borosilicate glass vessels with ground-glass stoppered ports. The vessels were incubated outdoors in a large tank of seawater to limit temperature changes and seawater controls without algae were incubated in parallel. Borosilicate glass effectively excludes UV which prevents photochemical destruction of the reactive halocarbon compounds. Guluronate oligosaccharides (GG), prepared from L. hyperborea stipe sodium alginate as described previously (Küpper et al., 2001) , was added at 150 µg mL -1 GG.
Hydrogen peroxide was added from a commercial stock to give a final concentration of 2 mM.
Trace gas analysis
Aqueous phase halocarbon compounds were preconcentrated from 20 ml samples using a cryogenic purge-and-trap system consisting of a 20 cm, 0.03 inch i.d. stainless coil maintained at -110ºC and identified and quantified with a Hewlett Packard 6890/5973 gas chromatograph/mass spectrometer in single ion recording (SIR) mode (Carpenter et al., 2000b) . Briefly, samples were stored in gas-tight 50 mL glass syringes fitted with Nupro® stopcocks at seawater temperature in the dark and analysed within 6 hours of collection. Gases were extracted from 20 mL seawater samples by purging with N 2 at a flow rate of 50 mL min -1 for 20 minutes. The instrumental precision including purging was determined on 4 filtered seawater samples as +4% for CHBr 3 . Potential chemical and/or biological storage effects were determined using high concentration seawater samples stored for 6 hours in the dark at 12ºC. Positive and negative concentration changes of up to 15%, but on average 5%, were observed. Calibration was achieved using commercially supplied, gravimetrically prepared liquid standards (Thames Restek U.K, 1000 microgram/mL halocarbon in methanol). Precision on repeated measurements of standards was better than 5%. The total sampling and analytical uncertainty of seawater measurements was estimated as 15%.
Bromide analysis in seawater
Bromide in seawater media was quantified by anion chromatography as described previously (Rozan and Luther, 2002) .
Supplementary Results
XAS investigation of accumulated bromine in Laminaria tissues and extracts
Some representative Br K edge X-ray absorption near edge spectra are shown in Fig. 1 ; Br K edge EXAFS and corresponding Fourier transforms are shown with their simulations in Fig. 2 (Tab. S1 contains all iterative refinement parameters of the simulations conducted). Three types of contributions to the biological Br EXAFS spectra obtained with Laminaria thallus samples can be distinguished, which are representative of three different chemical environments.
i) The first type of spectrum resembles that observed for aqueous solutions of NaBr and of seawater, of which the near-edge spectrum ( Fig. 1A) is characterized by a sharp 'white line' at 13478 eV, followed by the first regular fine structure oscillations, but the EXAFS ( Fig. 2a ) is much weaker in the biological samples. As shown before (Feiters et al., 2005a) , this spectrum is not caused by the presence of atoms covalently bound to Br, but it represents a shell of atoms associated with the bromide ion by hydrogen bonding; for NaBr and seawater they can be simulated with approx. 10 O (from water) at 3.30-3.35 Å. For Laminaria digitata which has been blotted (to remove any adherent seawater) or stressed with oligoguluronates (oligoGG), the hydrogen-bonded atoms are probably heteroatoms from biomolecules such as proteins, carbohydrates, and/or polyphenols. Because of the size of these molecules, fewer heteroatoms can give hydrogen bonds to the bromide ion than in water. This results in lower occupancies of the heteroatom shells; it decreases from 10 for NaBr solution to 5 for stressed Laminaria and 2 for both fresh (blotted) and lyophilized Laminaria. When bromine is compared to iodine, other effects in the X-ray absorption spectra, such as multiple excitations (Burattini, 1993; D'Angelo et al., 1993) , become important, as discussed before (Feiters et al., 2005a) , when the EXAFS is weak as in the whole Laminaria samples. This is reflected in the presence of a low-frequency oscillation in the EXAFS, which appears as a shell at a distance < 1.5 Å to the central atom in the Fourier transform. Although this peak cannot realistically represent atoms, it was fitted with a H contribution for lyophilized Laminaria (Fig. 2a , trace E), following earlier work (Dau, 1999) . When the EXAFS spectra of Laminaria and NaBr solution in Figure 2a (left) are compared, an additional peak is observed at approx. 6 Å -1 ; this is not simulated by the shell of hydrogen-bonded oxygen atoms, and is a weak indication that some of the Br is in an environment characteristic of the spectrum of type iii) discussed below. The holdfast (Figure 2a , trace F) is the only one of the Laminaria parts that displays the spectrum of type i), with the additional peak at 6 Å -1 .
ii) The second type of spectrum is that characteristic of Br covalently bound to carbon in an aromatic system, such as observed earlier for model compounds (Feiters et al., 2005a) and the bromination of Ascophyllum nodosum vanadium bromoperoxidase (Feiters et al., 2005b) . The edge spectra are characterized by a shoulder on the low-energy side of the edge. This is found for extracted Laminaria digitata cell wall (Fig. 1C ) and lyophilized Laminaria that has been rehydrated in the presence of H 2 O 2 (Fig. 1D) ; the EXAFS of the latter sample (see Supporting Information) resembles that of iodine under identical circumstances (Fig. S3H ).
The Br K-edge XAS spectra of native bromoperoxidase and iodoperoxidase, purified from L. digitata (Colin et al., 2005; Colin et al., 2003) are compared in Fig. 2b with those of a number of brominated amino acids (bromotryptophan, bromophenylalanine, and dibromotyrosine). Comparison of the pattern of peaks in the Fourier transform of the Br EXAFS for the native Laminaria digitata VHPOs ( Fig. 2b for iodoperoxidase, Fig. 1C in Supporting Information for bromoperoxidase) showed evidence for incorporation of Br in aromatic amino acids.
iii) The third type of spectrum has again a sharp white line in the near-edge spectrum (Fig. 1B) , this time followed by an irregular fine structure. The EXAFS is characterized by high-frequency oscillations, with a sharp maximum at 6 Å -1 combined with a minimum at 8 Å -1 , and strong shells even above 6 Å in the Fourier transform, which is unprecedented in biological EXAFS (Fig. 2c ). It is found in different Laminaria parts, in particular in the meristem, but also in the stipe, the cortical tissue, and the methanol extract enriched in polyphenols. Most of the shells represent chlorine atoms or types of atoms close to chlorine in the Periodic Table, such as phosphorus, sulfur, or potassium.
The possibility that Br should somehow have become incorporated in a polychlorinated alkane seemed unrealistic to us. It turns out that the spectra can be perfectly simulated on the basis of the assumption that the Br occupies the place of a Cl (a Br defect) in the lattice of solid KCl. In some of the cases, a contribution of a covalently bound C or even a whole phenyl group was included in the simulation with low occupancy, in addition to a dominant contribution of the KCl. Of the potassium and sodium halides, potassium chloride has the lowest solubility (28.1 g/100 g H 2 O at 0°C), so this is the salt with which solutions are most likely to become saturated when both ions are accumulated.
Bromide levels in the seawater surrounding Laminaria thalli
In a total of 3 experiments, bromide levels in the seawater surrounding L. digitata thalli (with and without treatment by oligoguluronates) remained remarkably constant over the entire duration (195 min) of the experiment (not shown).
Production of volatile halocarbons by Laminaria
In order to complement the above in situ XAS measurements of Br and speciation in Laminaria thallus parts with information about Br and I emissions, we used purge-and-trap gas chromatographymass spectrometry (GC-MS) for measuring changes in the efflux of a range of volatile halocarbons (Carpenter et al., 2000a) from Laminaria thalli under different oxidative stress. Incubation of L. digitata with 2 mM H 2 O 2 caused some increase in the efflux of most of the iodocarbons, but markedly elevated levels of bromocarbons -especially CHBr 3 (Fig. S4a) . In contrast, a GG-triggered oxidative burst leads to markedly increased emission rates of iodocarbons, dominated by CH 2 I 2 , CH 3 I, CHBr 2 I and C 2 H 5 I (Fig. S4b) .
.
Fig. S1 -Scheme of Laminaria digitata showing the different parts of the thallus.
The holdfast is the attachment organ of the kelp thallus to a rock surface, the meristem is the actively growing region (in the transition zone between stipe and blade / phylloid), while the cortical tissue is the pigmented surface cell layer of stipe and blade. 
Fig. S3 -Br K-edge EXAFS (left) and phase-corrected Fourier-transforms (right panel) of (top to bottom)
L. digitata lyophilized, rehydrated with H 2 O 2 (A), cell wall (B), L. digitata native bromoperoxidase (C), and inactive E. coli-expressed iodoperoxidase with Bradded (D). The latter native enzyme did not contain Br, as judged by the absence of a Br edge; the addition of 1 molar equivalent of Brto this sample resulted in the spectrum typical of hydrated bromide. See Table S1 for simulation parameters. digitata lyophilized (G) and rehydrated with H 2 O 2 (H). Except for the lyophilized Laminaria rehydrated with H 2 O 2 , which shows a type (ii) (incorporation of I in aromatic groups) spectrum that is analogous to the Br spectrum reported above for the analogous sample, the spectra are all of type (i), pointing to the presence of iodide ions surrounded by a shell of atoms that interact with the iodide by hydrogen bonding. For the same reason as given above for the hydrogen-bonded bromide, the intensity of the shell of hydrogen-bonded atoms around the iodide ion in Laminaria is lower than that in an NaI solution, viz. because the molecules involved in the hydrogen bonding are larger, with fewer possibilities for hydrogen bonding, in the biological sample (biomolecules such as proteins, polysaccharides, polyphenols etc.) than in aqueous solution. These effects have also been demonstrated for iodide in a variety of solvents (Tanida and Watanabe, 2000) and have been discussed by us before for model compounds (Feiters et al., 2005a) and biological iodide (Küpper et al., 2008) . The subtle increase in amplitude and occupancy found upon addition of elicitors probably reflects effects of liberation of the iodide from its biomolecule-associated state (with relatively low amplitude) to a hydrated state (with more hydrogen-bonded oxygens, hence a larger amplitude) as discussed earlier (Küpper et al., 2008) ; these effects are somewhat stronger (Table 3) for the oligoGG elicitor (Fig. S3C, D) than in the H 2 O 2 data (Fig. S3E, F) that are shown here for the first time. Figure S5 -Partial amino-acid alignment of vanadate-dependent haloperoxidases from Ascophyllum nodosum (AnvBPO, accession number # P81701 in UniProt database) and Laminaria digitata (LdvIPO1, iodoperoxidase, # CAF04025; LdvBPO1, bromoperoxidase, # CAD37191). Conserved residues in more than two sequences are shown in white capitals on a grey background. The important amino acid residues are colored in red for the catalytic histidine, and in green for those associated with the vanadium binding site, according to the AnvBPO 3D structure (Weyand et al., 1999) . The two brominated tyrosine residues at the surface of AnvBPO are colored in yellow. 
